
uncertainty in the branching ratio measurement.We estimate
our sensitivity to the eþe− mass scale by varying the scale
and checking the data-MC comparison. We find that a 0.5%
shift in the eþe− mass scale results in a detectable data-MC
disagreement. Sincewe see no significant data-MCdisagree-
ment in the nominal analysis, the eþe− mass scale must
match to within 0.5%; the corresponding uncertainty in the
branching ratio measurement is 0.06%.
We require CsI calorimeter clusters to have a transverse

energy distribution similar to one that is expected for a
photon by applying a cut on the χ2γ variable. Since the
normalization mode contains one more photon than the
signal mode, any photon inefficiency resulting from this
requirement is a source of systematic uncertainty. We make
use of the result from a previous analysis measuring
BðKL → π0π0π0Þ=BðKL → π$e∓νeÞ [12], which has six
more photons in the signal mode than in the normalization
mode and found a change of 0.05% when removing the χ2γ
requirement. We scale this result by 1=6 to estimate the
systematic uncertainty associated with the one-photon
difference between the signal and normalization modes
in this analysis; we assign a systematic uncertainty asso-
ciated with photon inefficiency of 0.01%.

6. Background

The primary background to the KL → 3π0D decay is
KL → π0π0π0 decay in which one photon converts to an
eþe− pair at the vacuum window. Using a large sample of
simulated KL → π0π0π0 decays, we find that 0.0003% of
these events are accepted by the KL → 3π0D analysis. This
background is negligible, so we do not subtract it; we take
the 0.0003% background rate as a systematic uncertainty
on the branching ratio measurement.

D. Summary of systematic uncertainties

Table II contains a summary of the systematic uncer-
tainties for the measurement of Bðπ0 → eþe−γÞ=
Bðπ0 → γγÞ. Most of the sources of error are related to
uncertainty in the Monte Carlo simulation of the relative
acceptance between the two decay modes. The largest
source of uncertainty is from differences in the tracking
efficiency between data and Monte Carlo. The total
systematic uncertainty on the Dalitz branching ratio meas-
urement is 0.92%.

IV. RESULT AND CROSSCHECKS

We find 63,693 KL → 3π0D decays with an acceptance of
0.12% and 3,529,065 KL → π0π0π0 decays with an accep-
tance of 3.79%. We scale the KL → 3π0D acceptance by a
factor of 3 since any of the three pions could undergo Dalitz
decay. We scale the KL → π0π0π0 acceptance by 50 to
account for the prescale applied during data collection. The
final result is

Bðπ0 → eþe−γÞ
Bðπ0 → γγÞ

; meþe− > 15 MeV=c2

¼ ½3.920$ 0.016ðstatÞ $ 0.036ðsystÞ' × 10−3: ð3Þ

TABLE II. Summary of systematic uncertainties in the Bðπ0 →
eþe−γÞ=Bðπ0 → γγÞ branching ratio.

Source of uncertainty
Level of

uncertainty

Tracking inefficiency 0.68%
Relative trigger inefficiency 0.14%
KL → π0π0π0 trigger inefficiency <0.01%
KL → π0π0π0 trigger prescale <0.01%
Radiative corrections 0.29%
Detector material 0.47%
Extra tracks and clusters 0.13%
Form factor 0.06%
eþe− mass scale 0.06%
Photon inefficiency 0.01%
Background <0.01%
Monte Carlo statistics 0.20%

Total 0.92%
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FIG. 6. The Bðπ0 → eþe−γÞ=Bðπ0 → γγÞ measurement versus
cell separation. The Dalitz events that contribute to the result in
each of the first six bins have a minimum cell separation equal to
the bin number. The last bin includes events with minimum cell
separation greater than or equal to six. The error bars represent
the independent statistical uncertainty in each bin. The solid line
is the weighted average, and the dashed horizontal lines indicate
the statistical uncertainty on the weighted average.

MEASUREMENT OF THE BRANCHING RATIO OF π0 … PHYS. REV. D 100, 032003 (2019)

032003-9


